Objective-To determine whether there is a racial difference in the risk of acute kidney injury between hospitalized black and white adults with diabetes mellitus in the United States Research Design and Methods-We analyzed cross-sectional data from the 2000-2010 National Hospital Discharge Survey (NHDS) to compare the odds of AKI among hospitalized black and white adults with diabetes. After excluding records in which race status was missing, race was other than white or black, discharge status was not provided, or end-stage renal disease was a diagnosis, we identified 276,138 eligible records for analysis. Multivariable logistic regression was used to analyze the association between race, AKI, and in-hospital mortality. Multivariable linear regression was used to analyze the association between length of stay and race among discharge records with a diagnosis of AKI.
Introduction
Race is associated with disparate clinical outcomes in multiple health conditions (1) . Such disparities are particularly conspicuous in diabetes, where racial minorities have higher rates of microvascular complications and mortality (2) . Compared to other racial groups, blacks with diabetes make more frequent emergency department visits for hyperglycemia and hypoglycemia (3) (4) (5) , are hospitalized at younger ages (1) , have higher readmission rates (6) , and experience more preventable complications (2) . Among the complications of diabetes, the racial gap in disease incidence is widest in nephropathy; blacks are nearly four times more likely to progress to end-stage renal disease compared to their white counterparts (2) .
Several factors may explain racial differences in the risk of diabetic chronic kidney disease (CKD), including genetics, modifiable cardiovascular risk factors (e.g. hypertension, hyperlipidemia), and socioeconomic status (7) . Acute kidney injury (AKI) is also a welldescribed risk factor for CKD, which reciprocally confers an increased risk of AKI (8) . As with CKD, black race is associated with an increased risk of AKI compared to non-black race (9) . However, to our knowledge there are no studies that have examined the association between race and AKI specifically among hospitalized persons with diabetes, a population at theoretically increased risk for this outcome. Since both black race and diabetes are wellestablished risk factors for chronic kidney disease (CKD) (2) , which is the strongest independent risk factor for AKI (8) , we hypothesized that blacks with diabetes are at higher risk of AKI.
Considering that AKI occurs in one of every 5 hospitalizations (10), it is important to understand the risk factors for this outcome to inform preventive efforts. Among Medicare recipients, hospitalization for AKI is increasing annually and the racial disparity in AKI incidence between blacks and whites is expanding (11) . Moreover, the prevalence of AKI requiring dialysis is increasing by about 10% per year, and black race has been identified as a significant risk factor for initiation of dialysis (12) . AKI has significant financial and clinical repercussions, including increased length of hospital stay, higher readmission rates, risk of progression to CKD, and increased mortality (8, 13, 14) .
The primary aim of this study was to explore whether there is a racial difference in the risk of acute kidney injury (AKI) among hospitalized persons with diabetes. A secondary aim of our study was to examine whether outcomes following AKI, such as length of hospitalization and mortality, differ according to race. Identification of racial differences in the risk of AKI and subsequent outcomes among individuals with diabetes could have broad implications on the quality of hospital care and resource utilization.
Materials and Methods

Data Source
This study used restricted cross-sectional data from the National Hospital Discharge Survey (NHDS) databases, accessed at the Research Data Center at the National Center for Health Statistics. NHDS is a national probability survey conducted annually from 1965 to 2010 of inpatients discharged from non-Federal short-stay hospitals in the United States. Hospitals with an average length of stay fewer than 30 days were included in the survey. Federal, military, Department of Veterans Affairs hospitals, institutional hospital units, and hospitals with fewer than six beds were excluded. From 2000 to 2007, the NHDS collected data from a national sample of approximately 500 hospitals annually, and from 2008-2010 sampled 239 hospitals annually (15) .
The contents of the NHDS restricted database include: demographics (age, sex, race, marital status, zipcode), length of stay, discharge status (routine to home, against medical advice, transfer to short or long-term facility, alive, dead, not stated), hospital geographic region (Northeast, Midwest, South, and West), hospital bed size, hospital ownership (proprietary, church, government, nonprofit), admission type (emergency, urgent, elective, newborn), source of admission (physician referral, clinical referral, HMO referral, transfer, emergency room, court/law enforcement, other), payment source (worker's compensation, Medicare, Medicaid, other government payments, Blue Cross/Blue Shield, HMO/PPO, other private/ commercial insurance, self-pay, no charge, and other), procedure and diagnostic codes. In addition, the restricted NHDS dataset contains weighted variables, population counts of discharges within a hospital, stratum identifiers, and other survey design variables required in regression analyses to inflate estimates to the national hospitalized U.S. population.
Study Population
Diagnostic and procedure codes derived from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) were used to identify the study population of hospitalized adults with diabetes. Figure 1 summarizes the eligibility criteria for this study. Among 2.6 million discharge records from 2000-2010, included records were extracted from 420,426 discharge records of adult patients (age 18 years and older) with at least one diagnostic code for diabetes mellitus (ICD-9-CM 250.00-250.93). Among these records, records were excluded if race status was not provided (27.5%), discharge status was not provided (0.7%), or ESRD was a hospital diagnosis (ICD-9-CM 585.6) (1.5%). Given that race status other than black and white represented a minority of this discharge records (4.7%), they were excluded from the analysis. After exclusion, 276,138 records were included in the final analysis.
Risk factors for AKI
The main variable of interest was race, which was defined as white or black based on demographic information provided in the dataset. Age was evaluated as a categorical variable with 18-24 years as the reference group, increasing by decade intervals up to ≥ 75 years. We considered the following conditions as risk factors for AKI, defined by their corresponding ICD-9-CM discharge diagnosis codes: CKD (585-585. 5 In addition to length of stay (LOS), admission source was included as a potential indicator of patient acuity. Admission source was available for 91% of records, and was categorized as emergency department, physician/clinic, transfer, or other. Payment source information was available for 99% of records, and was categorized as Medicare, Medicaid, private insurance, or other payment. This information was included as a potential surrogate of socioeconomic status or access to health care. Other hospital-specific factors included as potential risk factors were hospital region (Northeast, Midwest, South, West), and hospital size (dichotomous variable with ≥ vs. < 300 beds).
Ascertainment of AKI
The primary outcome was documented AKI, defined by ICD-9-CM codes 584.0-584.9 ascertained from discharge records. The accuracy of ICD-9-CM codes has been previously validated (16) . Data regarding admission diagnosis was only available for years 2008 to 2010 of the NHDS survey period (16.9% of all eligible records in this study); during these three years of the study period, only 286 records had an admission diagnosis of AKI. Given this limitation in the NHDS dataset, the present study was not able to distinguish cases of community-acquired AKI (i.e. hospitalization for which AKI was the reason for admission) from hospital-acquired AKI.
Mortality and Length of Hospitalization
Secondary outcomes included in-hospital mortality and length of stay. Since a direct association between AKI and mortality is well established, we analyzed mortality and length of stay exclusively among cases of AKI to determine whether there were differences in this outcome by race.
Sensitivity Analyses
2.6.1 Change in definition of AKI-During the study period, there was a change in the definition of AKI. The Acute Kidney Injury Network (AKIN) criteria for AKI were published in March, 2007 (17) . By these criteria, AKI is defined as an absolute increase in serum creatinine of more than or equal to 0.3 mg/dl or an increase in serum creatinine of more than or equal to 50% (1.5-fold increase from baseline) within 48 hours, or urine output of less than 0.5 ml/kg per hour for more than six hours (17) . To allow time for dissemination of the new criteria, we divided the study into pre-AKIN years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and AKIN years (2008) (2009) (2010) to evaluate whether there were secular trends in the association between race and AKI because of evolving diagnostic criteria.
AKI Requiring
Dialysis-Although the majority of hospitalized patients requiring dialysis have ESRD, a subset of patients with AKI may require in-hospital dialysis. In our overall analysis, we included records of patients who had AKI requiring dialysis (ICD-9 codes v45.11, v56.8, v56.0) without a concomitant diagnosis of ESRD. To evaluate whether the association between race and AKI persisted according to need for inhospital dialysis, we performed a sensitivity analysis in which 802 records with AKI requiring dialysis were excluded.
Missing
Race Information-Race data was missing from 27.5% of eligible records, which is consistent with historical under-reporting of race in the NHDS database. (18) To take into account possible selection bias resulting from non-random missing race data, we performed a sensitivity analysis of the outcome of AKI by reporting of racial status. Using the same inclusion criteria of our study population, we analyzed 388,401 records from 2000-2010, of which 71% had race status reported (as white or black) and 29% lacked race status information. Using multivariable logistic regression, we compared the odds of AKI among discharge records of white and black persons compared to missing race status as the reference group.
Statistical Analyses
Descriptive statistics were used to characterize the sample of discharge records from hospitalized adults with diabetes stratified by race. The Shapiro-Wilk test was used to assess normality of the data. For non-normally distributed data, median and interquartile ranges are provided. To compare differences in distributions by race, the two-sided Student t test was used for normally distributed continuous variables, the Wilcoxon rank-sum test was used for non-normally distributed continuous variables, and the χ 2 test was used for categorical variables. P <0.05 was considered significant.
Logistic regression analysis was used to explore the association between AKI and race, coexisting conditions, and other covariates. Simple logistic regression was used to estimate the total effect of each covariate with AKI. Variables identified to be potentially significant at bivariate analysis (P <0.1) were analyzed further using forward and backward stepwise model selection by minimum Akaike Information Criterion (AIC). Multivariable logistic regression included known confounders and variables that were potentially significant in bivariate analysis and model selection by AIC. Three logistic regression models were used to analyze the association between AKI and other explanatory variables: Model 1 was adjusted for age and sex, Model 2 was adjusted for age, sex, and AKI-related clinical risk factors (CKD, sepsis, hypertension, hypotension, length of stay, acute myocardial infarction, congestive heart failure, angiography, computed tomography scan, and chronic liver disease). In addition to the covariates in Model 2, Model 3 was adjusted for the following sociodemographic factors: admission source, payer source, race/payer interaction, hospital region, and hospital size. Effect modification of the association between race and AKI by age, gender, and payer source were explored; there was a strong trend toward interaction between race and payer source, so the interaction term was included in Model 3.
To explore the association between race and the secondary outcome of mortality among patients with AKI, we used multivariable logistic regression, and to explore the association between race and length of stay among patients with AKI, we used multivariable linear regression. The association between mortality and race was adjusted for the same covariates as in Model 3 above; the association between length of stay and race was adjusted for the same covariates as in Model 3, excluding length of stay since this was the outcome variable).
All effect estimates in the regression analyses were weighted to allow inflation to national estimates based on the weight variable and other restricted survey design variables provided by the NHDS. Since hospital admissions for individual patients cannot be linked, it is important to note that inferences drawn from this analysis relate to samples of hospital discharges rather than individual patients. Of note, given the large sample size of this study, observed differences in estimated effects of even small magnitude would be expected to achieve statistical significance.
All statistical analyses were performed with Stata Statistical Software: Release 13.1. College Station, Tx: Stata Corp, LP.
RESULTS
Patient Characteristics
Detailed patient characteristics stratified by race are presented in Table 1 . There were several notable racial differences in demographics and AKI-related risk factors. Compared to whites, blacks were more likely to be female (60.4% vs. 52.7%, P<0.001) and were younger (median age 61 vs. 68 years, P<0.001). Blacks were more likely to have had comorbid conditions that increase the risk of AKI, including sepsis (2.7% vs. 2.2%, P<0.001), hypertension (50.5% vs. 46.2%, P<0.001), and chronic kidney disease (5.0% vs. 4.0%, P<0.001). In contrast, whites were more likely to have had hypotension (1.8 % vs. 1.5%, P <0.001), acute myocardial infarction (4.4% vs. 2.5%, P <0.001), and chronic liver disease (1.7% vs. 1.1%, P <0.001). Although blacks were more likely to have undergone computed tomography scan (3.1% vs. 2.8%, P <0.001), whites were more likely to have had an angiography procedure (5.8% vs. 4.3%, P <0.001).
The median length of stay (4 days) was similar between blacks and whites, although given the large sample size of the study and differences in the inter-quartile range (5 days for blacks and 4 days for whites), there was a statistically significant difference between the groups (P<0.001). Compared to whites, blacks were significantly less likely to be transferred to short-term (3.0% vs. 4.2%) and long-term facilities (10.5% vs. 13.2%) (P<0.001). Overall, in-hospital mortality was higher in whites compared to blacks (1.9% vs. 1.6%, P <0.001). Blacks were more likely to have been admitted to the hospital from the emergency room (73.6% vs. 63.0%, P<0.001) and were more likely to be recipients of Medicaid (16.6% vs. 7.0%, P <0.001). Compared to whites, blacks represented the majority of hospitalized patients in southern hospitals (52.6% vs. 40.2%, P<0.001), and the minority in other U.S. regions. The proportion of black patients hospitalized in larger hospitals (bed size ≥ 300 beds) was greater than whites (46.9% vs. 39.7%, P<0.001).
Primary Outcome: AKI
The overall period prevalence of AKI was 5.0% in this population of hospitalized adults with diabetes mellitus, and the period prevalence differed significantly by race: 5.9% in blacks vs. 4.6% in whites (P<0.001). Compared to white race, black race was associated with a 1.40 (95% CI 1.27-1.54) higher unadjusted odds of AKI. Table 2 shows the adjusted odds ratios of AKI in the three logistic regression models. After adjustment for age category and sex (Model 1), black race was associated with 1.51 (95% CI 1.37-1.67) higher odds of AKI compared to white race. After additional adjustment for AKI-related clinical risk factors (Model 2), black race was associated with a similar odds of AKI (OR 1.48; 95% CI 1.35-1.63). After additional adjustment for demographic variables, the association between black race and AKI increased to 1.71 (95% CI 1.31-2.25).
There were several notable predictors of AKI in the logistic regression models. In Model 1 (age/sex adjustment), only the highest age group (≥ 75 years) was associated with a higher odds of AKI compared to the lowest age group (P<0.05), after adjustment for race and sex. Similarly, females had a higher odds of AKI compared to males, after adjustment for race and age category (P<0.001). These age and sex associations persisted in all three models. Among the AKI-related clinical risk factors, the strongest predictor of AKI was CKD, which was independently associated with a 3.5 fold higher odds of AKI (P<0.001). Other strong positive predictors of AKI included sepsis, hypotension, and congestive heart failure, while hypertension, angiography, and CT scan were paradoxically associated with lower odds of AKI in both Models 2 and 3.
The source of admission and hospital size were both independently associated with AKI. Compared to admission from the ER, there was a lower odds of AKI among patients admitted from a clinic (0.73; 95% 0.65-0.82) and a higher odds of AKI among patients transferred from a nursing facility or outside hospital (95% CI; 1.36-1.78). The odds of AKI was 34% higher (95% CI, 1.21-1.49) among larger compared to smaller hospitals. While payer source itself was not associated with AKI, there was a strong trend toward interaction between race and payer source. For example, among blacks insured by Medicare vs. other payer source, the odds of AKI was 0.75 (95% CI 0.56-1.00) (P=0.05).
Secondary Outcomes: Mortality and Length of Stay
During the study period of 2000-2010, the overall mortality rate in our study population was 1.8%. The mortality rate was three times higher among discharge records containing a diagnosis of AKI (5.9%). Although the odds of AKI was higher among discharge records of black patients, there was no racial difference in mortality among records of hospitalized adults with diabetes and AKI (Table 3) . From 2000-2010, among 13,748 records of patients with diabetes and AKI, the adjusted odds of mortality comparing blacks to whites was 1.28 (95% CI 0.44-3.71). We did not observe any secular trends in mortality before or after implementation of the AKIN criteria for the diagnosis of AKI. Similarly, there were no significant differences in the adjusted median length of stay between blacks and whites with diabetes and AKI. In the overall study period, the median (IQR) length of stay was 5 (3, 9) days for both whites and blacks (P=0.79). Table 4 summarizes the results of our sensitivity analyses. -AKIN (2000-2007) and AKIN (2008-2010) study periods-The association between black race and AKI was similar in both unadjusted and adjusted models before and after implementation of the AKIN criteria. In the fully-adjusted model 3, there was a trend towards higher odds of AKI among blacks before compared to after implementation of the AKIN criteria (2.05; 95% CI 1.49-2.81 vs. 1.39; 95% CI 0.89-2.14).
Sensitivity Analyses
Pre
AKI not requiring dialysis-Given
the small number of records containing diagnosis codes for both AKI and dialysis (n=802), as expected we did not observe any significant differences in the unadjusted or adjusted odds of AKI when restricting the analysis to hospital records of patients with non-dialysis requiring AKI. The effect estimates for AKI in this subgroup were essentially identical to those in the overall analysis shown in Table 2 .
Missing vs.
reported race status-When comparing the odds of AKI among discharge records of whites and blacks, respectively, to those with missing race data, we observed no differences in the odds of AKI among records from whites compared to those with missing race data. In contrast, blacks had higher unadjusted and adjusted odds of AKI compared to records with missing race data. The odds ratios from this analysis were similar in the age-sex adjusted models (Model 1) and after additional adjustment for AKI-related clinical risk factors (Model 2) compared to the overall analysis in Table 2 ; however, the odds ratio from the fully-adjusted Model 3 was attenuated in this analysis compared to the overall analysis (1.38 vs. 1.71).
DISCUSSION
In our study of a nationally representative sample of the hospitalized U.S. population, we found that black race was independently associated with a higher odds of AKI compared to white race among discharge records of adults with diabetes; however, we did not observe any racial differences in mortality or length of stay associated with AKI. The findings of the present study, which focused on a patient population at high-risk for this outcome, contribute to a growing body of evidence that black race is a risk factor for AKI.
Our results align with an earlier study that used the same data source (NHDS data from the year 2001) (16) . In that study, which was not restricted to a diabetic patient population, black race was associated with a 1.29 (95% CI, 1.28-1.30) fold greater unadjusted odds of AKI compared to white race (16) . This effect estimate is similar to the unadjusted odds ratio of AKI comparing blacks vs. whites in our study (1.40; 95% CI 1.27-1.54). Despite a change in the diagnostic criteria for AKI during the study period, we did not observe secular variation in racial differences of AKI risk before and after implementation of the diagnostic criteria.
The largest prospective study to explore racial differences in AKI risk was the Atherosclerosis Risk in Communities Study (ARIC) study, which was conducted in a community-based population (9) . In this study of 10,588 middle-aged black and white adults, blacks were nearly twice as likely to have diabetes and had a 30% greater risk of AKI than whites during a 13-year follow-up.(9) Few studies have explored AKI as an outcome specifically among hospitalized patients. In a prospective study of 400 critically ill trauma patients, black race was associated with an increased risk of AKI in comparison to non-black race when adjusted for other risk factors (RR: 1.86; 95% CI, 1.08-3.18) (19) . In another large retrospective study of 45,655 intensive care unit patients, blacks were at higher risk of AKI in the 18-54 year old age group only, with an odds ratio of 1.22 (95% CI 1.07-1.38) compared to whites (20) .
Several studies have investigated the effect of AKI on other outcomes. In a prospective study of 3,679 adults with diabetes mellitus in the Veterans Affairs health system, AKI was associated with a 3.56 (95% CI, 2.76 to 4.61) increased risk of stage 4 CKD in persons with diabetes (21) . In this study, black race was not independently associated with an increased risk of progression to CKD following AKI when compared to non-black race (21). While we were not able to assess incident CKD following AKI in our study, we observed a higher prevalence of underlying CKD in blacks compared to whites. Since one in four hospitalized patients in the United States has diabetes (6, 22) and one in five has AKI (10), racial differences in the risk of AKI during hospitalization may have implications on other clinical outcomes during hospitalization (e.g. risk of insulin-associated hypoglycemia from reduced renal clearance of insulin).
In this study, we did not observe a mortality difference in blacks and whites with diabetes and AKI. Our findings are consistent with prior studies. In critically ill trauma patients, development of AKI conferred a 4-fold increased risk of mortality, however mortality did not differ between black and non-black patients (19) . Similarly, another prospective study of 863 intensive care unit patients found no racial difference in mortality among patients with AKI (23). The same findings have been observed in the general hospitalized population (24) . In an earlier study of the 2001 NHDS cohort, AKI was associated with increased mortality, prolonged length of stay, and greater requirement for post-hospitalization care (16) . Although this study showed a longer length of stay in blacks compared to whites with AKI, it did not report racial differences in mortality as an outcome (16) . AKI is associated with a significant increase in health care expenditures attributed to diagnostic testing and monitoring, longer ICU and hospital stays, increased readmissions, and the need for acute renal replacement therapy (14) . We did not find a racial difference in hospital length of stay among those with AKI, but we were not able to assess the likelihood of readmission.
Several factors have been postulated to explain the increased risk of nephropathy in black persons with diabetes, including biologic factors or responses, individual risk behaviors, and physical, social and healthcare contexts (2) . In the ARIC study, the elevated risk of AKI among blacks was attenuated after adjustment for differences in income and/or insurance status, suggesting that socioeconomic factors and access to healthcare may be mediating the racial disparity in AKI (9) . In another large cross-sectional study, lower income was found to be associated more strongly with albuminuria in blacks than whites (25) . Since albuminuria is strongly associated with AKI, racial differences in pathologic albuminuria may partly explain the excess risk of AKI in blacks compared to whites (26) . Although we were able to adjust for comorbid conditions that increase the risk of AKI and a surrogate indicator of socioeconomic status (i.e. payment source), we did not have laboratory data to evaluate the effect of albuminuria. For reasons that are not clear, we that female sex was associated with a higher odds of AKI, which has previously been observed and may be related to differences in baseline health. (27) We recognize several limitations in this study. Ascertainment of the diagnosis of AKI and related risk factors relied on ICD-9 codes, which are prone to misclassification if inaccurately or incompletely documented by healthcare providers. A previous study validated the AKI diagnostic coding of the NHDS dataset and found positive and negative predictive values of 87.6% and 90.1%, respectively; however, the sensitivity of diagnostic coding for AKI is quite low (~20%). (16) Previous studies that used laboratory confirmation reported a higher incidence of AKI when compared to studies that relied on administrative data (10, 16, 28) . Without laboratory data, we were not able to assess stages of AKI, CKD, or albuminuria. Although we adjusted for many known risk factors for AKI, it is possible that we have not accounted for all confounders and we were not able to control for disease severity or diabetes duration. Nephrogenic medications and intravenous contrast are known risk factors for AKI, but were not analyzed due to database limitations. Since there were no unique patient identifiers, we could not control for recurrent hospitalizations on the same individual. Furthermore, due to limitations in this dataset, we were not able to distinguish between community-acquired and hospital-acquired AKI.
Another limitation that requires mention is the underreporting of race in our data source, which could have resulted in selection bias. A previous study investigated the influence of missing race data in the NHDS dataset and found a 7% higher proportion of whites in hospitals that do not report race compared to those that do (18) . This fact is consistent with the findings from our sensitivity analysis, in which we noted similarities in the odds of AKI comparing records of whites to those with missing race data, likely explained by the greater proportion of whites in these hospitals and their lower risk of AKI compared to blacks; however, given the large proportion of records missing race data, the race-specific odds of AKI reported in this study should be interpreted with some caution.
Our study has several strengths. To our knowledge, this is the first study to specifically investigate the association of race and AKI in hospitalized patients with diabetes. We used a robust nationally representative dataset over a 10-year study duration. By restricting our study to patients with diabetes -a strong risk factor for AKI -we reduced the potential for confounding by this variable, and carefully accounted for additional known and potential confounders. In addition, we attempted to account for secular changes in the diagnosis of AKI by stratifying study periods according to publication date of the AKIN criteria.
In summary, we showed here that black race is associated with an increased risk of AKI compared to white race in a large sample of hospitalized U.S. adults with diabetes, but there were no racial differences in mortality or hospital length of stay following AKI. We suspect that the racial difference observed in this study is most likely explained by differences in outcome ascertainment (i.e. diagnostic coding) for AKI by race. Blacks with diabetes have a higher prevalence of CKD compared to their white counterparts, and it is possible that inaccurate diagnostic coding for CKD status pre-admission may result in residual confounding by race. These questions could be addressed by a large multi-center prospective study that uses laboratory data to confirm the diagnosis of AKI, to distinguish community and hospital-acquired AKI, and to established baseline CKD status through measurement of urine albumin and attainment of pre-admission laboratory data when possible. Although the excess risk of AKI among blacks with diabetes remains small (risk difference of 1.4% in this study), this risk difference may nonetheless carry important financial and clinical consequences. A clearer understanding of the setting and causative factors of AKI would facilitate the development of strategies to reduce this racial gap. Table 3 Adjusted odds ratio (OR) of Mortality and Median Length of Stay in Adults with Diabetes and AKI by Race 
